BaCkgrounD: Antibiotic consumption in human populations is one of the factors responsible for the emergence of resistant organisms. It is important to track population-based data on an ongoing basis, and to explore the determinants of regional variation in antibiotic consumption. MeThoDS: Population-level data were obtained on all outpatient oral antibiotic prescriptions dispensed within British Columbia (BC) between 1996 and 2007. Prescriptions were expressed as the defined daily dose per 1000 inhabitants. Geographical information systems mapping was used to display the spatial variations of antibiotic consumption in BC. The relationships among antibiotic consumption, socioeconomic factors and climatic conditions were explored using Pearson's correlation and regression modelling. reSulTS: Overall antibiotic consumption was highest in the northern regions of BC. Higher rates of consumption were associated with a greater proportion of the Aboriginal population, lower levels of education and individuals younger than 15 years of age. An inverse correlation was found between some classes of antibiotics and the following factors: individuals older than 65 years of age, mortality rate, doctor-to-population ratio, household size and higher July temperatures. The adjusted regression analyses indicated that higher antibiotic consumption was associated with a higher proportion of Aboriginals and household income. ConCluSIon: Different rates of antibiotic consumption exist within BC. The use of antibiotics is correlated with several socioeconomic factors and climatic conditions. It may be useful to consider these factors when designing policies to address antibiotic consumption in the community.
BaCkgrounD: Antibiotic consumption in human populations is one of the factors responsible for the emergence of resistant organisms. It is important to track population-based data on an ongoing basis, and to explore the determinants of regional variation in antibiotic consumption. MeThoDS: Population-level data were obtained on all outpatient oral antibiotic prescriptions dispensed within British Columbia (BC) between 1996 and 2007. Prescriptions were expressed as the defined daily dose per 1000 inhabitants. Geographical information systems mapping was used to display the spatial variations of antibiotic consumption in BC. The relationships among antibiotic consumption, socioeconomic factors and climatic conditions were explored using Pearson's correlation and regression modelling. reSulTS: Overall antibiotic consumption was highest in the northern regions of BC. Higher rates of consumption were associated with a greater proportion of the Aboriginal population, lower levels of education and individuals younger than 15 years of age. An inverse correlation was found between some classes of antibiotics and the following factors: individuals older than 65 years of age, mortality rate, doctor-to-population ratio, household size and higher July temperatures. The adjusted regression analyses indicated that higher antibiotic consumption was associated with a higher proportion of Aboriginals and household income. ConCluSIon: Different rates of antibiotic consumption exist within BC. The use of antibiotics is correlated with several socioeconomic factors and climatic conditions. It may be useful to consider these factors when designing policies to address antibiotic consumption in the community. I ncreased bacterial resistance to antimicrobial agents is a major public health threat (1). Studies (2-4) have clearly shown that the use of antibiotics is a major factor contributing to resistance. Unfortunately, in the past decade, clinicians working in the field of infectious diseases have not seen many novel antibiotics marketed within Canada or elsewhere (5, 6) . There are many reasons for this; however, the lack of production of novel agents can be partly explained by the disinterest of the pharmaceutical industry for this particular market. It is difficult for companies to justify and recoup the expense of long-term clinical trials of antimicrobial agents when the production of drugs for chronic illnesses yields far greater financial gain (7) . As a result, numerous initiatives are being undertaken by the infectious diseases community to use antibiotics more appropriately.
One of these activities includes the active surveillance of antibiotic use. This involves monitoring and analyzing the amount and types of antibiotics being prescribed. For example, the European Surveillance of Antimicrobial Consumption project has been collecting data on antibiotic use across European countries since 1997 (8, 9) . Their data show that consumption varies across Europe (9) . A similar analysis (10) conducted in Spain showed that the consumption of antibiotics also varied widely within a country. Although there are very few reports regarding regional antibiotic consumption in the literature, investigators have more recently started evaluating the impact of socioeconomic determinants of antibiotic use given that differences in the use of antibiotics across geographical areas may be explained by demographic, cultural and economic factors (11) (12) (13) .
Within British Columbia (BC), an active surveillance program monitors antibiotic use at the population level. We have previously reported on overall and class-specific antibiotic consumption (14) . For the present paper, we evaluated regional variations in antibiotic consumption within the province of BC and investigated socioeconomic determinants of consumption using an ecological approach.
MeThoDS antibiotic consumption
Population-level data on all outpatient antibiotic use within BC were obtained from the PharmaNet database. This centralized database contains information for all ambulatory care prescriptions dispensed, except for medications used for the treatment of sexually transmitted infections and HIV infection. The database contains individual level prescription data, but was anonymized for the project by a third party. Prescription data were obtained from 1996 to 2007 and converted to defined daily doses per 1000 inhabitants per day based on the Anatomical Therapeutic Chemical classification system (ATC/DDD Index 2008) developed by the World Health Organization.
BC is divided into five major regional health authorities, which are further divided into health service delivery areas (HSDAs). Geographical information systems mapping (ArcGIS 9.2, ESRI Inc, USA) was used to display the spatial and temporal pattern of outpatient antibiotic use by the 16 HSDAs for overall antibiotic use (J01) and each major antibiotic class: penicillins (J01C), cephalosporins (J01D), tetracyclines (J01A), trimethoprim/sulphonamides (J01E), macrolides (J01FA) and quinolones (J01M). Equal interval data classification was used to symbolize the rate of antibiotic use by HSDAs for each year from 1996 to 2007. Determinants included in the model were the following: population younger than 15 years of age; population older than 65 years of age; number of persons per household; visible minority population; proportion of Aboriginals in the population; household income; incidence of low income; education; mortality rate; physician-to-population ratio; Campylobacter infection rate; and January, July and annual average temperature and precipitation. These determinants have been predictive of antibiotic use in previous studies (11 -13 ). Because some factors were highly correlated with each other, standardized scores of these factors were used in the regression model to minimize the effect of multicollinearity (standardized scores refers to a transformation of the original values by subtracting the mean and then dividing by the standard error). In addition, a series of criteria were also used to best select the variables in the final regression model. These selection criteria included the behaviour of standardized and unstandardized coefficients when regression terms were added in the model: correlations (zero order and partial) and collinearity statistics (tolerance and variance inflation factors). Residuals analyses were also performed to ensure that the final selected models were adequate.
Correlation between antibiotic use and socioeconomic factors

reSulTS
Spatial-temporal mapping identified different rates of antibiotic consumption within BC. In general, overall antibiotic consumption rates were higher in the northern regions of the province but declined over time ( Figure 1 and Table 1 ). Furthermore, the consumption of penicillins (Figure 2 ), tetracyclines ( Figure 3 ) and trimethoprim/sulfonamides (Figure 4 ) declined significantly over time across all HSDAs, whereas consumption of macrolides ( Figure 5 ) and quinolones ( Figure 6 ) increased dramatically over time and broadly across the province. No clear pattern was observed in the consumption of cephalosporins (figure not shown).
The present correlation analysis identified many relationships among antibiotic consumption, socioeconomic factors and climatic conditions in BC (Table 2) . Overall antibiotic consumption was directly correlated with a higher proportion of Aboriginals in a population (r=0.788, P<0.001), whereas no relationship was seen with other visible minority populations. Specifically, the use of penicillins (r=0.826, P<0.001) and quinolones (r=0.682, P=0.004) was strongly and significantly associated with a higher proportion of Aboriginals in a population. Overall antibiotic and penicillin consumption were also directly correlated with lower levels of education (r=0.548, P=0.028 and r=0.727, P=0.001, respectively). The use of penicillins and macrolides was also directly correlated with populations younger than 15 years of age (penicillins: r=0.794, P<0.001; macrolides: r=0.769, P=0.001) and the physician-to-population ratio (penicillins: r=0.603, P=0.013; macrolides: r=0.642, P=0.007). A direct correlation was also found among trimethoprim/sulfonamide use, populations older than 65 years of age (r=0.598, P=0.014) The relationships between antibiotic consumption and climatic conditions was also identified. The overall use of outpatient antibiotics (r=-0.515, P=0.041) and penicillins (r=-0.556, P=0.025) was inversely correlated with July (summer) average temperature, whereas penicillin consumption was directly correlated with July total precipitation (r=0.607, P=0.013). Table 3 shows a summary of regression models on selected antibiotics. The results demonstrated a direct association among the proportion of Aboriginals in the community, household income, climatic conditions and overall antibiotic consumption (r 2 =0.759). An evaluation of individual drugs showed that for penicillin consumption, there was a direct association with the proportion of Aboriginals in the population and climatic conditions, but an inverse association with the proportion of elderly individuals (65 years of age or older) in the population (r 2 =0.814). Mortality rate and Aboriginal population were directly associated with trimethoprim/sulfonamide use (r 2 =0.653). Macrolide consumption was found to be directly associated with the younger population (younger than 15 years of age) and climatic conditions (r 2 =0.758).
DISCuSSIon
In the present study, we documented that overall antibiotic consumption decreased over time, particularly the use of penicillins, tetracyclines and trimethoprim/sulfonamides, and that this decline in use occurred throughout all health authorities in the province. In contrast, the use of macrolides and quinolones increased significantly from 1996 to 2007. Once again, this increase was observed throughout the province; we also observed a north-south gradient in consumption patterns.
We used both Pearson's correlation and a stepwise regression model to determine which variables were associated with provincial differences in antibiotic use. The proportion of the population younger than 15 years of age, Aboriginal population, physician-to-population ratio, and the cooler, wetter climate in the northern regions of the province were directly correlated with antibiotic consumption, whereas populations older than 65 years of age were inversely correlated. The latter finding is in contrast to previous suggestions that the elderly are large consumers of health care resources including medications. Our data suggests that this is not true for overall antibiotic consumption within the province of BC.
Our study is the first to have demonstrated an association between antibiotic consumption and Aboriginal populations in a region. We did not find a similar association with other ethnic minorities. This observation was seen with both the Pearson's correlation as well as the stepwise regression analysis and, therefore, is unlikely to have been driven by the mean younger age, educational issues or climatic conditions rather than ethnicity. We also identified a higher rate of consumption in the northern regions of the province. This finding may be related to a higher incidence of infections in the Aboriginal population, a cooler, wetter climate (ie, more time is spent indoors and thereby increasing the risk and incidence of seasonal infections), lack of access to health care services due to the remote nature of communities in the northern sector or simply a lack of understanding about appropriate antibiotic use by the physicians who serve the population of northern BC.
Patient preferences may also play a significant role -studies have shown that patients who expect to get medication are three times more likely to receive it (15) (16) (17) . Thus, cultural characteristics may also shape attitudes toward antibiotics, and result in higher consumption within regional populations of the province. Finally, the direct correlation of antibiotic consumption and physician-to-population ratio seen in our study has been shown in other studies (13) . This phenomenon is not seen in parts of Europe where physicians are salaried and, therefore, is believed to be related to financial incentives for physicians under the fee-for-service scheme because the doctors' revenue is dependent on the number of patient visits or, in parts of Europe, the number of prescriptions written and the geographical concentration of health care providers and specialists in major urban centres such as Greater Vancouver and Greater Victoria. Our study also identified that a lower level of education was associated with a higher consumption of antibiotics and a consumption of lower cost antibiotics such as penicillin. Ecological studies such as the present one must be interpreted with caution. The antibiotic use and socioeconomic and climate relationships identified in the present study indicate association and not causation. Geographical mapping and correlation analysis are useful tools for hypothesis generation. Ideally, results of the present study should be confirmed with individual-level information because it is likely that some strong correlations are confounded by other variables. Another limitation of our study was that it was not able to determine whether resistance by various organisms also correlated with consumption of antibiotics because not all microorganisms in the community sector are cultured, nor are they reportable. Moreover, most of the specimens are sent to private laboratories within primary care and, as such, the data are not easily accessible within the public sector.
However, European studies (4) have found a direct correlation between consumption of antibiotics and resistance. Thus, we can assume for those sectors and populations in which consumption of antibiotics is high, resistance will also be high.
ConCluSIon
Our study showed that overall antibiotic consumption rates were higher in the northern regions of BC, with an increased use of macrolides and fluoroquinolones over time. A number of socioeconomic determinants were correlated with higher consumption of antibiotics -some of which are modifiable by implementation of new policies and education to change prescribing practices and, hopefully, reduce use and bacterial resistance. 
